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ABSTRACT. In this note the thermodynamio behaviour of an assembly of mole­
cules of finite dimension which are associating and forming higher complex, has been mvcsti- 
gulod. The quasi-lattice theory of Dutta for real gases and ions in solution has boon extended 
for investigating assomblies of associating and dissociating molecules and used heio for cal­
culating the isothermal compressibility. The result is in agreement with oxporionco.
I N T R O D U C T I O N
In  u su a l in v e s tig a tio n s  o f th e  p ro p e rties  and b ehaviour o f p erfec t gases no 
(3o ns id e ra tio n  is  ta k e n  fo r  assoc ia tion  o f m olecules. B u t fo r m any re a l gases, 
such as N 2O4, Io d in e  va p o u r, w a te r va p ou r, su lp hu r vap our i t  has been found  
th a t assoc ia tion  o f m olocules take s  p lace in  va rio u s  degrees.
A ccord ing  to  F o w le r’s idea  (1936), th e  usua l re su lts  o f th e  im p e rfec t gases 
can be o b ta in ed  v e ry  e a s ily  b y  considering  d issoc ia tion  and association o f m olo­
cules in to  h ig h e r com plexes a lone . F ro m  th is  idea, th e  b ehaviour o f an assem bly, 
composed o f a ssoc ia ting  and  d isso c ia tin g  m olecules com plexes lik e  X j,  ... X „  
w here X  is  th e  m o s t e le m e n ta ry  m o lecu le , is  in ve s tig a te d  by th e  m ethod  o f F o w le r 
(D u tta , 1951). A  d e v ia tio n  fro m  th e  p ro p e rties  o f a p e rfec t gas is  ob ta ined  
b u t th is  d e v ia tio n  is  n o t in  th e  d ire c tio n  o f im p e rfe c t gas. The  iso the rm a l com ­
p re s s ib ility , as o b ta in e d  b y  D u tta , w as g rea te r th a n  th a t o f p e rfec t gas. T h is  
re s u lt is  ju s tifie d  & om  d iffe re n t consid e ra tions. I t  appears th a t a b ehaviour o f 
im p e rfe c t gas c an no t bo o b ta in ed  p u re ly  fro m  assoc ia tion  and d issoc ia tion  i f  some 
o f th e  u su a l causes o f im p e rfe c tio n  is  n o t in trod uc ed . H ero , b y  in tro d u c tio n  o f 
fin ite  size o f m o lecu les, a  d e v ia tio n  to w a rd s im p e rfe c tio n  is  ob ta ined .
T h e  q u a s ila ttic e  th e o ry  developed b y  D u tta  (1963) is  su itab le  fo r th e  discus­
sion o f v a rio u s  p ro p e rtie s  o f gases whOTe assoc ia tion  and d issoc ia tion  ta ke  place. 
H ere , th is  q u a s i-la ttic e  th e o ry  has been extended and used to  deduce th e  
eq ua tion  o f s ta te  o f im p e rfe c t gases. A fte r th a t th e  iso th e rm a l c o m p ress ib ility  
o f th e  gas is  ca lc u la te d .
Now the imperfections of gases are due to two causes ;
(i) Wite size of the gas molecules or particles, and
(ii) preeenoe of the fields of force. Here only the first cause i.e, the finite 
size of the^T^articleSj is token into consideration.
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Description o f Assem bly :
F o r th e  sake o f s im p lic ity , gas m olecules are assum ed to  be p resent in  th e ir 
s im p les t fo rm  and] in  th e  fo rm  o f second com p lex i,e ., th e  m olecules o f th is  
com p lex are fo rm e d  b y  th e  assoc ia tion  o f tw o  m olecules o f th e  gas. T he n  th is  
system  can be looked  up on as a b in a ry  m ix tu ie  o f gases. In  th e  assem bly o f 
th e  m ix tu re  i t  is  assum ed th a t is  th e  average num b er o f m olecules o f m ass W j 
and N.^  is  th e  average num b er o f m olecules o f mass 2m i,
and
fo rmw here N  is  th e  to ta l num b er o f m olecules o f the  gas in  th e  sim p lei 
p resent in  th e  assem bly.
C A L C U L A T I O N  OF  E N T R O P Y
In  case o f th is  b in a ry  m ix tu re  fo llo w in g  q u a s i-la ttic e  m e thod  and th e  p rinc ip le  
o f sy m m o tris a tio n , th e  the rm od yn am ic  p ro b a b ility  is  g ive n  b y,
(1)
w here
w  - S I M A —  (
V -N ^ h ^
■ ) L . s 1 JT,!
nail n a'ml
and is  a s im ila r exp ression  ob ta ined  b y in te rc h an g in g  th e  suffices, 1 and 2 in  
th e  f ir s t tw o  fa c to rs .
H e ro , th e  sym bols have th e  same in te rp re ta tio n  as in  th e  papers o f D u tta  (1951) 
N o w , us ing  S ta rlin g ’s a p p ro x im a tio n  fo rm u la  fo r  fa c to ria ls  and ta k in g  usua l 
v a ria tio n  o f th e  lo g a rith m  o f W, 
su b jec t to  th e  c o n d itio n s
and
1 m
(2)
w hore X energy o f assoc ia tion ,
we get,
\ { (jT -  " "0  +  M  ^  +  I f
—log  /*€( =  0
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w here A and  /i a re  Lag rang e ’s m n ltip ljo rB . 
F ro m  th is , w e have
Nibi-^Nxbt2
V
and s im ila r ly
. V -X -M cf 
6i
(a p p ro x im a t^ y )
K
... (3)
... (4)
A ccord ing  to  B o ltz m a n n  h yp o th es is , and b y  eq uations (3 ) and (4) we get
^ =  * logT T «„„
lo g  log  ( i ^ « )  -  - 1. . )
log  j  io g  vjbi—Nz log  ]
N o w  fro m  th e  w e ll k n o w n  the rm o d yn a m ic  re la tio n
we get ^ = / i h  oi, / t=  ^
N  =  ^ i+ 2 ir ,  =  S  0(+ 2S o 'm .
(B)
(fl)
.S  i!- +2S
< 6i «
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_   ^ /27rmi\»/2 2v -2 x -n x  / 2 ^ V / 2
“ 6, + 6 1 * f f \ — l
“ - > - f ^ r [ ' + V + - “ ( € ; F i r
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^ i i ( 5 ‘ n + “  • - ' ’■ ( £ )
3/2
(7)
(upto first order). '
E X P U E S S I O N S  F O R  O T H E R  T H E R M O D Y N A M I C  
F U N C T I O N
Now, from thermodynamics, wo know
ilr =  E ~ T S
and
So,
where
F j
-  i  { * -  ( -  -  " - ^ -
7  )
p  =  ffifeT[ 1 .+  (  ( V A + 2 W i . + V A ) - 2 i ' r e - «  (
(upto first order of small quantities)
( 8)
(9)
»  _  -Zfi *  _  N ,» i - ^ .  * « - ; s r
f t  =  I  fta =  . f t  =  J ■ Jffft. (10)
or 2> _  ... (II,
Avliero B  =  | (a ,V i+ 2 * i» « /? u + V A )-2 ife . | j * j  j
The expression in the first bracket is same as that obtainetl by Lorontz (1927) 
and Putta (1947), and the other term gives tlie effect o f chemical reaction.
Isothermvl compressibility.
From (11), we have
isothermal compressibility ~  . I \
V \ op /t
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=  ^ ( 1 - 5 / 7 ) .
Now, by using (11), we can write
\  ~  j? _  Bp^
V ~  NkT Nk^T^ '
(upto first order o f small quantities)
and, so,
- y ( v l  - ™
(upto first order o f small quantities),
of course, if 5  >  0.
Tims, we get the isothermal compressibility o f the assembly less than that 
of perfect gas provided the values o f the characteristic constants o f molecules 
like m ,^ feg, 6^ ,^ ... etc., o f  temperature and o f association energy are suitable. 
This result is contrary tp that obtained by Dutta (1951c) and is entirely due to tho 
effect o f  exclusion volume.
O O N O L U D _ I N G  R E M A R K S
The investigations o f the other thermodynamic behaviour o f gas by the 
present method are interesting and those will be the subject-matter o f future 
papers.
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